Recently, sales of new motor scooters and mopeds have increased markedly. Little is known about the crash involvement of scooters and mopeds and whether they are safer than other motorcycles. Difficulties in defining motor scooters and mopeds and identifying them in crash and other data bases have hindered research. This paper reviews recent research and analyses the nature and extent of moped and motorcycle crashes in the State of Queensland, Australia.
INTRODUCTION
Australia, in common with other developed countries, is experiencing a boom in the sales and use of motorcycles. The number of motorcycles registered increased by 20% from 2001 to 2005 (1) , the strongest growth of any vehicle type in Australia. From a public health perspective, the increase in motorcycling presents an enormous challenge because motorcycle riders and their pillion passengers are especially vulnerable in crashes. The number of motorcyclist fatalities in the US has increased from a low of 2,116 in 1997 to 4,810 in 2006 (2) . Across Australia, the number of motorcyclist (rider and pillion) fatalities has risen from 175 in 1997 to 238 in 2006 (3) .
There have been two major changes that have contributed to the growth in motorcycling: more older riders and the growth in popularity of scooters.
The number of older motorcyclists killed or injured in crashes has increased in the last decade in many developed countries including the United States (4 & 5) , Great Britain (6) and Australia (3) . Yet the crash rate of older riders, even inexperienced ones, is lower than for younger riders, so improving the safety of younger riders remains a priority. The fatality rate for motorcycle riders aged [17] [18] [19] [20] [21] [22] [23] [24] [25] in Australia in 1998-2000 was 47 deaths per 100 million vehicle kilometres travelled, which is three times the figure for riders aged 26-39 (14.5) and six times the figure for riders aged 40 and over (7.7), (7) .
While the increase in older riders began in the 1990s, in the last decade the biggest increase in sales of new powered two-wheelers has been in scooters and mopeds (8) . Few scooters were sold in the 1980s and 1990s (8) , but almost a quarter of new on-road motorcycles sold in Australia in January-September 2007 were scooters (including mopeds) (9) .
Scooters and mopeds are being aggressively marketed as low cost alternatives to the car for commuting. New mopeds are being sold for less than $AUD2,000, with claims that fuel costs are lower than public transport. With increasing fuel prices, commuting to work on a scooter or moped is predicted to become increasingly attractive. Furthermore with the increasing expense and space limitations of parking in metropolitan areas, commuters may be looking toward two wheeled transport as a means of reducing parking fees (10) . In recent decades, most motorcycling has been for recreation (e.g., 11; 12; 13) , but this trend may be changing, particularly for scooters and mopeds.
The lack of an official definition of a motor scooter means that crash and registration data for these vehicles are not easily available. Informally, vehicle design is commonly used to differentiate between a motorcycle and a scooter. A motorcycle has a step-over design where the rider must step over the vehicle to mount it. Most scooters have a step-through design and smaller wheels than motorcycles. While most scooters are small-capacity automatic low speed machines but there are also very large capacity touring scooters. In contrast, the Australian Design Rules state that a moped has two or three wheels, an engine cylinder capacity not exceeding 50 ml and a speed not exceeding 50 km/h (31 mph). The classifications of moped and motorcycle in the Australian Design Rules are effectively equivalent to those of L1 and L2 (2-and 3-wheeled mopeds) and L3 and L4 (2-and 3-wheeled motorcycles) in the European Homologation System. Despite this definition, mopeds are not reliably identified in crash data in most Australian jurisdictions.
Most of the research into the safety of scooters and mopeds comes from Europe where these vehicles have traditionally been very popular. Studies from Sweden, Britain and Holland have reported higher crash risks for mopeds and scooters than other motorcycles, but differing results have been found in France and Greece. In 1998, the Swedish National Road and Transport Research Institute showed that there is a 20 times higher risk of being injured per kilometre travelled when travelling by moped (and 10 times higher risk when travelling by motorcycle) than by car (14) . British moped and scooter riders have the highest (injury or noninjury) crash risk (adjusted for mileage) of any motorcycle riders and these vehicles tend to be ridden by those riders with least experience (6) . Dutch data (15) shows that the crash rates for bicycles and cars are 10 to 20 times lower than the rates of the motorized two-wheelers. The values for the motorcycle are an average of 55% lower than those for both light-mopeds and mopeds. The crash rate for riding a light-moped is higher than riding a moped. These data reflect that while the official maximum speed for the light-moped is 25 km/h (16 mph) and for the moped 45 km/h (28 mph), wearing of a helmet is obligatory for the moped but not for the light-moped.
Other studies have found differing results. The combined effects of driver age and engine size on motorcycle injury crashes were investigated in Greece (16) . Once the influence of driver age on accident fault was taken into account, engine size had no effect. In France the risk of being injured in a moped accident is equivalent to motorcycles and up to 7-10 times higher than for car drivers. However, the risk of being fatally injured by a moped accident is lower than in motorcycle accidents (1.8 -2 times) (17) .
The recent SUNflower+6 study found that the Netherlands has a greater percentage of moped riders among the road deaths than Sweden or the United Kingdom, with many of the road deaths among [15] [16] [17] [18] [19] year olds being moped riders in all three countries (18). Dutch research shows that the casualty crash rate for all [15] [16] [17] year old moped riders is more than 50 times higher than the average for all other age groups and transport modes. This is partly to do with the transport mode: the crash rate for moped riders is nearly 40 times higher than the average for all age groups and other transport modes and partly to do with their age: the crash rates for [15] [16] [17] year olds are about 4 times greater than for the other age groups and all transport modes. It was concluded that "in the hands of young road users, the moped is a dangerous vehicle" (18). The possible causes for the high crash rate of mopeds were identified as the combination of inexperience, overestimation of their own skills, and riding many kilometres among young (especially male) riders, insufficient knowledge of converting traffic rules into safe traffic behaviour, speed (especially for young riders) and not wearing a helmet.
Some of the European Motorcycle Accident InDepth Study (MAIDS) results were presented separately for L1 vehicles (mostly of scooter style) and L3 vehicles (mostly of motorcycle style, see Table 1 ) (19) . Comparison with controls found no reported evidence of any increased crash risk associated with riding any particular category of vehicle. The estimated mean and median travelling and impact speeds of the L1 vehicles were lower than the L3 vehicles e.g. 31 km/h (19 mph) median impact speed for L1 versus 48 km/h (30 mph) for L3. Yet crashes in the 0-30 km/h (0-19 mph) impact speed band accounted for 8% of severe injuries (the most serious injury being coded as level 4 on the Abbreviated Injury Scale -MAIS 4), 16% of critical injuries (MAIS 5), and 6% of "unsurvivable" injuries (MAIS 6). The European studies of scooter and moped safety are of limited relevance to Australia, because until recently in many European countries, moped licences could be obtained by riders as young as 14 or 15 and helmet wearing was not mandatory in some countries for slow mopeds.
There has been little Australian research regarding the safety of scooters and mopeds. Early investigations of moped safety in Australia included surveys of riders and preliminary crash data reported by Wigan and his colleagues in the late 1970s (described in 10) and an inquiry into the safety of mopeds by the Victorian Parliamentary Road Safety Committee in 1979 which focused on licensing issues (20) . The Committee's 1993 Inquiry into Motorcycle Safety in Victoria also made recommendations about moped definitions and licensing (21) .
Recent crash data for scooters and mopeds is sparse. The State of Western Australia allows mopeds to be ridden by any holder of a WA driver licence (not a learner permit) and by holders of a moped licence (R-N category) which can be obtained at 16 years (the minimum age for a motorcycle licence is 17 years). Published data (22) for the 10-year period 1995 to 2004 show that there were 257 mopeds in Police-reported crashes in Western Australia, comprising less than 0.1% of all vehicles in crashes. Mopeds were involved in 2 fatal crashes, 53 hospitalisation crashes, and 202 "other" crashes. While the numbers of mopeds in crashes are very small, they do not appear to be markedly over-involved in serious crashes (fatal and hospitalisation) compared to their involvement in "other" crashes (0.1% versus less than 0.1%), unlike the pattern found for motorcycle crashes (7.9% versus 1.5%).
Several more recent Australian surveys of motorcyclists have gathered information about type of motorcycle ridden and self-reported crash experience. Unfortunately, there were generally few scooters and mopeds in these samples, making the results less reliable than for more common types of motorcycles.
Only 3.9% of respondents to a survey of riding by NSW motorcyclists (23) were scooter riders. They rode less distance per year than other riders and rode more in urban areas, and on lower speed roads. They rode relatively more on weekdays and were relatively older. The selfreported crash rate for scooter riders (crashes per 100,000 kms) was the lowest of all motorcyclists. A subsequent analysis of injury claims data from the NSW Motor Accidents Authority (24) showed that scooters comprised less than 5% of all motorcycle claims between 1989 and 1999 and that very few of these scooter riders were aged below 25 years. However, the percentage of scooter injuries where the Maximum Abbreviated Injury Score was four or above (severe injury, critical injury or maximum injury virtually unsurvivable) was higher than for any other type of motorcycle.
In the survey of NSW motorcyclists (25), 3.4% of respondents rode a "light commuter/scooter". These riders were less likely to report having been involved in a crash, but their crashes were more likely to involve more than one vehicle. The survey identified that scooter riders were less likely to wear protective clothing than other riders.
Given the increase in popularity of scooters and mopeds and the lack of current Australian information about their safety, an analysis of Queensland crash data was undertaken. Queensland has about one-third of all Australian scooter sales and mopeds are allowed to be ridden with only a car licence. Industry figures showed that 84% of new scooter sales in the first half of 2005 were mopeds. While scooters cannot be easily identified in the crash or registration data, mopeds are identifiable in the registration data, which provided the opportunity to analyse a matched crash and registration data file.
METHOD
Queensland Transport supplied spreadsheets containing details of: (1) registration data for all vehicles that were coded as motorcycles in their crash data for 2001-05; (2) crash data for all motorcycles in crashes; (3) crash data for all crashes involving motorcycles; and (4) casualty data for crashes involving motorcycles. The crash and registration files were merged to allow the more specific vehicle information in the registration data (make, model and body type) to be used to distinguish the different types of powered two-wheelers in crashes.
The characteristics of the merged data set are summarised in Figure 1 . The data set contained information on 7609 powered two wheelers (PTWs) reported to be involved in road crashes from 2001 to 2005. The registration number was recorded for 7224 of these vehicles, allowing matching with the registration data. Of the vehicles for which registration number was not recorded, 253 (3.3%) were coded as unregistered, 58 (0.7%) were coded as "unknown", 69 (0.9%) coded "98", and 5 were hit and run crashes.
Of the 7224 vehicles for which registration data was available, 1016 (14.1%) had no information on make, model, or body type. A further 552 were missing model information only. Where information on body type was available, 5965 (96.1%) were coded as motorcycles, 227 (3.7%) as mopeds, 8 (0.1%) as motor trikes, and 8 (0.1%) as sidecars. How many of the PTWs coded as motorcycles are traditional stepover motorcycles and how many are scooters, or some other classification cannot be direct ascertained from the data. Analysis of the make and model data revealed inconsistencies in the coding of body type. Among vehicles with the same recorded make and model, some were coded as motorcycles and others were coded as mopeds. In some instances, it is likely that the coding of body type was accurate and the apparent discrepancy resulted from the make and model information being sufficiently vague so as to include several variants of a PTW, some of which were truly mopeds and some of which were actually larger scooters (which are coded as motorcycles). In other cases, the coding of body type was inconsistent with the make and model information. To address this anomaly, body type was reclassified, resulting in 306 vehicles being identified as mopeds for the analysis (see Figure 2 ).
FIGURE 1 Initial classification of Powered Two Wheelers (PTWs) from merged Queensland Transport crash and registration data.

RESULTS
Characteristics of moped crashes
There were 306 mopeds involved in 303 crashes. Crashes involving mopeds increased each year from 25 in 2001 to 97 in 2005. Across the entire time period, the majority of crashes resulted in hospitalisation (43%) or medical treatment (38%). Four were fatal, 52 were minor injury crashes (17%) and only one crash resulted in property damage only (see Table 2 ). In almost all of the crashes, the moped (or motorcycle) rider or pillion was the most severely injured in the crash. Moped  2001  0  13  7  5  0  2  27  2002  1  20  16  7  0  1  45  2003  0  25  26  15  0  0  66  2004  0  28  29  14  0  0  71  2005  3  44  38  11  1  0  97  Total  4  130  116  52  1  3  306   Motorcycle 2001  10  339  323  137  17  16  842  2002  23  443  321  176  19  22  1004  2003  37  575  399  196  12  31  1250  2004  40  641  397  207  41  22  1348  2005  54  708  422  211  25 Table 3 shows that only 30.4% of moped crashes occurred in the capital city, Brisbane, with large percentages in the tourist areas of the Gold Coast, Townsville, Cairns and the Sunshine Coast. About 80% of moped crashes occurred between 6am and 6pm and on weekdays. Speed limits were 60 km/h (37 mph) or less for 86.1% of moped crashes. Overall, 50.8% of crashes occurred at intersections and 32.3% were single vehicle crashes. Collisions between vehicles travelling in the same direction and single vehicle crashes in which the moped lost control on a straight road were the most common crash events (24.8% and 23.1%, respectively). An additional 18.2% of crashes involved a collision between the moped and another vehicle on an adjacent approach to an intersection.
Among the riders in moped crashes, 37.9% were female and 37.6% were in the 17-24 age bracket (see Table 4 ). Full licences were held by 65.7% of riders, with 10.8% holding a provisional or restricted licence and 8.2% holding a learner permit. Just over 5% were riding illegally (cancelled, disqualified, expired licence, unlicensed or never held a licence). Overall, 10.8% of riders held an interstate licence and 7.8% held an overseas licence. The percentages were higher among moped riders aged under 25, of whom 21% had interstate licences and 14% had overseas licences. The increase in crash numbers was greater in Queensland-licensed riders (from 18 in 2001 to 82 in 2005) than in riders licensed interstate or overseas (from 6 in 2001 to 12 in 2005).
Comparisons of moped and motorcycle crashes
In this section, the vehicles which were classified as mopeds were compared with those that were classified as motorcycles. Vehicles that were unable to be classified (e.g. because of missing registration data) were omitted. Thus, the comparison includes 306 mopeds and 5886 motorcycles in crashes (rather than the total 7609 in the original crash data).
During 2001-2005, the ratio of motorcycle to moped crashes was about 19:1 for all age groups (see Table 2 ) and 12:1 for riders aged under 25. Young riders were involved in 23.7% of motorcycle crashes and 37.6% of moped crashes (see Table 4 ). The number of motorcycle crashes involving young riders increased by 83% during this period, the number of moped crashes with young riders increased by 208%. The severity profiles of motorcycle and moped crashes were not statistically significantly different (χ 2 (3)=5.83, p=0.12, Table 2 ).
Moped crashes were less likely than motorcycle crashes to occur in the Brisbane area and more likely to occur on the Gold Coast and in the Townsville area (see Table 3 ). Similar proportions of moped and motorcycle crashes occurred in daytime, but moped crashes were more likely to occur on weekdays (79.5% versus 70.5%). Relatively more moped than motorcycle crashes occurred at low speed zones: 86.1% of moped crashes and 69.4% of motorcycle crashes in speed zones of 60 km/h or less. Similar proportions of moped and motorcycle crashes occurred at intersections and similar proportions were single vehicle crashes. The distributions of crash type were significantly different, with relatively more moped crashes involving loss of control on a straight road (23.1% versus 12.7%) and relatively more motorcycle crashes involving loss of control on a curve (13.6% versus 5.0%).
Moped riders in crashes were much more likely than motorcycle riders to be female (37.9% versus 7.2%). Moped riders were younger on average, with 37.6% being aged 17-24, compared with 23.7% of motorcycle riders in crashes. Moped riders in crashes were much more likely to hold an interstate (10.8% versus 1.3%) or overseas licence (7.8% versus 0.7%) than motorcycle riders. 
DISCUSSION
While these results show that motorcycles are involved in more crashes than mopeds by a factor of about 19 to 1, the recent increases in moped sales have been reflected in an increase in their involvement in crashes. Thus, while moped safety could be effectively ignored a decade ago, the trend suggests that this issue will become increasingly important. The Queensland crash data analysed here suggest that while moped crashes largely occur in low speed areas, the severity of these crashes is similar to that of motorcycle crashes. This runs counter to the belief that mopeds are safer because they are smaller and slower. The current finding conflicts with the greater severity of motorcycle than moped crashes in Western Australia in 1995-2004 (22) . The relatively small number of moped crashes in both studies may underlie this discrepancy. Another issue in interpreting the severity findings is that the severity measure in the Police crash data is very coarse and does not provide any indication of whether the nature of the injuries is similar. Given the survey data (24) suggesting that scooter riders are less likely to wear protective gear, it may be that the scooter riders are suffering largely lacerations and motorcycle riders are having more fractures.
Importantly, it should be noted that while the severity pattern was found to be similar for motorcycles and mopeds, the data say nothing about the risks of crashing on the two types of vehicles. It may be that fewer moped crashes occur as a function of distance travelled, but we do not have the data to answer this question.
The data suggest that tourism is a strong contributor to moped crashes, particularly of young riders. More than 18% of moped riders were licensed interstate or overseas, compared with only about 2% of motorcycle riders. Yet the growth has been greater in moped crashes involving Queensland riders than those licensed elsewhere. In contrast, relatively few older moped riders were licensed interstate or overseas. Thus, the popularity of moped riding in Queensland appears to have two components, with tourism contributing more for younger riders and commuting contributing more for older riders.
The findings of these analyses reflect the nature of moped use in Queensland, where the ability to ride a moped on a car licence means that many moped riders are not only young but also inexperienced riders of powered two wheelers (and a significant number are riding in unfamiliar conditions). In other jurisdictions where a motorcycle licence is required to ride a moped, there are likely to be many fewer moped riders and perhaps the population of riders may be better trained and more experienced. It would be useful to undertake a similar data analysis in another State, if the numbers of moped crashes were sufficient to allow meaningful calculations.
CONCLUSIONS
There is much that we still need to learn about the impacts of the growth in popularity of scooters and mopeds on road safety and the transport system. The analyses presented here show that while moped crashes comprised only a small fraction of on-road crashes of powered two-wheelers in 2001-05, they are increasing at a faster rate than motorcycle crashes. The similar severity of moped and motorcycle crashes suggests that moped crashes are a potential threat to young people and merit further investigation. Decisions about moped licensing need to be based on a better understanding of these issues.
